Objective. To examine the effects of an intervention comprising (1) a practice-based care coordination program, (2) augmented by pay for performance (P4P) for meeting quality targets, and (3) complemented by a third-party disease management on quality of care and resource use for older adults with diabetes. Data Sources/Study Setting. Claims files of a managed care organization (MCO) for 20,943 adults aged 65 and older with diabetes receiving care in Alabama, Tennessee, or Texas, from January 2004 to March 2007. Study Design. A quasi-experimental, longitudinal study in which pre-and postdata from 1,587 patients in nine intervention primary care practices were evaluated against 19,356 patients in MCO comparison practices (4900). Five incentivized quality measures, two nonincentivized measures, and two resource-use measures were investigated. We examined trends and changes in trends from baseline to follow-up, contrasting intervention and comparison group member results. Principal Findings. Quality of care generally improved for both groups during the study period. Only slight differences were seen between the intervention and comparison group trends and changes in trends over time.
2008). Co-locating the care management professional with the primary care clinicians may be a superior approach for improving care coordination, especially for patients with multimorbidity, which is the norm among elders (Boult et al. 2001; Boyd et al. 2005) .
This article presents an evaluation of a chronic care improvement initiative that consisted of P4P practice-based care coordination augmented by third-party disease management with call center nurses dedicated to patients in intervention practices. The initiative (the ''Intervention'') had three components: (1) a practice-based care coordination program using an on-site care coordinator (registered nurses [RNs] , licensed practical nurses [LPNs] , and medical assistants--a new position in the practices), (2) a P4P program in which practices were given a bonus payment for meeting specific quality indicator goals, and (3) a disease management program with call center nurses dedicated to patients in the intervention practices.
The aims of this paper were to examine the effects of the intervention on quality of care measures and resource use for patients with diabetes mellitus, the most common chronic condition that is care managed by thirdparty firms and for which there is an evidence base supporting its responsiveness to care management (Villagra and Ahmed 2004; Von Korff et al. 2005; Mangione et al. 2006; Weber and Neeser 2006) . Moreover, diabetes is a condition that has behavioral change and care management potential in that it is relatively controllable by adherence to a medical regimen and lifestyle patterns that include healthy nutrition and activity (Hill-Briggs 2003) .
This evaluation was guided by the following, general research question: ''What is the intervention effect on incentivized quality measures, and what is the broader effect of the intervention on the overall quality of care for patients with diabetes?'' Specifically, we examined the effects of the intervention on (1) quality of care for the incentivized care indicators for diabetes, (2) quality of care for nonincentivized care indicators for diabetes, and (3) utilization and medical costs incurred by the patients with diabetes in the intervention practices.
We hypothesized higher quality of medical care for enrollees with diabetes exposed to the intervention compared with others receiving usual primary care and conventional third-party disease management only. In examining the various nonincentivized measures, we sought to explore any positive halo effect of the intervention or any unintended consequences of the intervention such as decline in the nonincentivized quality of care measures (Casalino 1999; Forrest, Villagra, and Pope 2006) .
METHODS

Intervention Design
Nine independent primary care practices responded to an initiative by a national MCO and a national disease management firm to collaborate on an intervention that consisted of P4P bonus payments for meeting quality of care measures, on-site care coordination, and dedicated call center disease management. The practices were selected by the MCO because they had leadership that was willing to champion locally the proposed quality improvement initiative. The practices, all physician owned, averaged 11.7 fulltime employee (FTE) physicians (range 1-26). Four practices were multispecialty and five had electronic medical records (EMRs). Six practices were urban, and three were suburban. The intervention took place between August 2004 and February 2006.
The MCO and disease management organization agreed to place an onsite care coordinator in each intervention practice that was participating in the P4P care coordination program. A team of five call center nurses at the disease management company was assigned to serve only the intervention practices, responding to and initiating all calls to and from practices and their patients.
The on-site care coordinators were employed by the primary care practices, which were compensated for employee costs by the MCO. The role of the on-site coordinator was to alert physicians at the time of the patient's appointment to quality improvement opportunities, specifically for the P4P quality measures. Some of the alert information originated from the disease management call center nurses, and other information was collected by the onsite coordinator from the patient's medical record. If required, the on-site coordinator requested records from specialists or hospitals to confirm whether the patient had received certain services (i.e., eye exam, Hemoglobin A1c [HbA1c] test). An alert sheet for the visit provided the physician with patient-level information, demographics, lab tests due, new medications, treatment goals, etc.
At the conclusion of the visit, the on-site coordinator role was to review and convey appropriate information to the disease management call center nurses so that they could follow up with the member for relevant issues. For example, the on-site coordinator may have informed the call center nurse that the member was referred for an eye exam so that the call center nurse could contact the patient to ensure the eye exam had been completed. In essence, the on-site coordinators served as liaisons between the primary care clinicians and the call center nurses who promoted the disease management company treatment protocols directly with the members.
Pay for Performance
The maximum amount of the P4P bonus payments was 20 percent of the capitation fee for Medicare MCO patients in the physicians' panels. In none of the practices did the MCO enrollees exceed 10 percent of the practices' total number of patients. Thus, the P4P bonus represented a small percentage of the total annual practice revenue.
The MCO proposed 25 quality measures, which included indicators for preventive services, diabetes mellitus, congestive heart failure, coronary artery disease, and chronic obstructive pulmonary disease. These last four were the chronic conditions that the disease management company managed for the MCO population in both the intervention and the comparison practices. We limited our sample to patients with diabetes to ensure adequate disease-specific sample size, a sufficient number of metrics that could be constructed using claims data, and a robust evidence base for improving the care and outcomes of patients.
The MCO suggested and the participating practices agreed to a percentage goal for each measure. This allowed for variation in the practices' baselines and an opportunity for ''buy-in'' for the practices participating in the P4P care coordination program. Bonus payments were linked to the proportion of quality targets met. Practices were also offered an additional bonus if the medical loss ratio of the MCO enrollees decreased, sharing 50/50 with the MCO up to 33 percent of the savings.
Study Samples
The study design was quasi-experimental, involving an intervention group composed of all patients 65 and older with diabetes in the nine participating practices from Alabama, Tennessee, and Texas (N 5 1,587), and a comparison group from the MCO that included other patients in those same states during the same time period who were not exposed to the intervention but retained a call center disease management program (N 5 19,356) . Diabetes status was determined by HEDIS 2005 criteria that includes diabetes diagnosis codes (ICD-9-CM and DRGs) and well as CPT and UB-92 revenue codes for outpatient/nonacute inpatient and acute inpatient/emergency services (National Committee for Quality Assurance [NCQA] 2004 ).
Data Sources
The data sources for the study were health plan administrative claims (medical and pharmacy) and enrollment files. Behavioral health claims were carved out from the standard benefits. Although the study period ranged from January 2004 to March 2007, we used claims data from January 2003 to allow for an additional 12-month look-back period to assess the quality indicators during the 24-month preintervention period. Eight of the nine intervention sites began the P4P care coordination program between January and February 2006. For these practices, we had at least 24 months of preintervention (baseline) data and at least 12 months of postintervention data. The ninth site was a ''pilot'' P4P practice and started in August 2004. Repeated monthly observations were available for each participant while enrolled in the MCO during the study period.
Variable Construction
Independent Variable. The independent variable of interest was exposure to the intervention, a dichotomous indicator of whether the member received medical care in one of the nine P4P intervention practices or one of the comparison practices.
Time. Time was represented as the number of months since the start of the care coordination intervention. Time ranged from À 25 to 114, with month 0 representing the starting intervention month in each site. For comparison group members, the 0 month was set at January 2006, representing the modal starting calendar month for the intervention sites. Two linear spline terms were included to allow changes in time trends across approximately yearly intervals (two baseline years and one follow-up year). The 12-month time frame was chosen as a substantively important period that was flexible enough to fit the data well. Regression discontinuity models and models with 6-month linear splines were also examined in sensitivity analyses.
Dependent Measures
Measurements of Care Quality. Using an intention-to-treat model, we examined the intervention effect on enrollees with diabetes using seven disease-specific quality measures and two measures of resource use: emergency department (ED) utilization and total health care costs. The quality of care measures included those that (1) coincided precisely with the P4P reward metrics for diabetes care and prevention, (2) were endorsed and promulgated by national health care organizations, and (3) could be operationalized with administrative and claims data.
Five of the quality measures were incentivized by the P4P care coordination program: influenza vaccine, HbA1c testing, eye exam, lowdensity lipoprotein (LDL) screening, and nephropathy screening (NCQA 2004) . In addition, there were two nonincentivized prescription process indicators: (1) avoiding (not prescribing) short-acting antihypertensive medications (Fick et al. 2003; Furmaga et al. 2005) ; and (2) prescribing an angiotensin converting enzyme (ACE)/angiotensin receptor blocker (ARB) medication for diabetics with renal insufficiency (American Diabetes Association 2009).
The quality outcome measures were dichotomous variables (1, 0) signifying whether the quality indicator had been met for an eligible patient during the specific ''look-back'' period during which the quality measure should have been met. The look-back period for all the indicators was 12 months, as recommended by national clinical guidelines. For example, HEDIS technical specifications call for patients with diabetes to receive an LDL screening at least every 12 months (NCQA 2004) .
In addition to the quality of care measures, we also examined the impact of the intervention on ED utilization and total paid costs by the MCO. ED utilization was chosen because both short-and long-term complications of diabetes have been used as preventable quality measures for both ED use and hospital admission (Grensenz, Lurie, and Ruder 2009) . ED utilization that did not result in an admission was coded as a dichotomous indicator of whether the member had visited the ED in the previous 12 months. This operationalization was chosen due to the very low number of participants (1 percent) with any ED visits during the period of analysis.
Per member per month costs were calculated by summing all the paid medical (inpatient and outpatient) and pharmacy claims (allowed dollars) incurred by each member in a given month. Members' medical costs are necessary information to determine the relative value of the health care services that the MCO members were receiving, including disease management, during the study period.
Statistical Analysis
Multivariate regression techniques using generalized estimating equations to account for clustering were used to assess the impact of the intervention on the outcome variables. Logistic models were used for analyzing quality indicator outcomes and ED utilization, while cost outcomes were analyzed using a gamma distribution and log-link to account for skewness. Effects of the intervention were evaluated similarly to a difference in differences analysis, using relative differences between intervention and comparison groups in outcome trend changes. Intervention effect odds ratios (ORs) and relative cost ratios (RRs) were estimated using interactions between the time trend spline terms and the intervention exposure binary variable. In each analysis, we adjusted for age, gender, health risk (as measured by the ACG Dx Rx PM score) and state in the model to control against baseline group differences (Forrest et al. 2009 ). For a detailed description of the statistical analyses, see Appendix SA2. The Johns Hopkins University School of Medicine Institutional Review Board approved this research.
RESULTS
Study participants' average age was 74 years at the end of the study period or during the last month they were enrolled in the MCO and 58 percent were female (Table 1) . The most prevalent comorbid conditions were coronary artery disease (75.6 percent), chronic obstructive pulmonary disease (36.6 percent), and congestive heart failure (27.6 percent). The morbidity burden (Dx Rx PM) of the intervention group was higher (po.0001) than the comparison group (56.2 percent). Our primary hypothesis was that medical care, as measured by P4P-incentivized quality indicators, would be of higher quality for patients with diabetes exposed to the intervention compared with their nonexposed diabetic counterparts. Figures 1-4 illustrate the observed data and estimated changes in trends over time for each of the outcomes assessed. The 12-month linear spline models appear to fit the data adequately for all outcomes except the influenza vaccination quality measure, for which we report the 6-month spline model results. Table 2 provides a summary of the analysis results, with OR and RR representing the changes in trends over time for binary outcomes and costs, respectively.
As an illustrative example for interpretations on Figure 1 and Table 2 , consider the LDL screening quality measure. Figure 1 shows that both the intervention and comparison groups were improving in the initial preintervention period (months À 25 to À 12). In the 12-month period just before implementation (months À 12 to 0), the intervention group LDL screening If one compares trends in influenza vaccination from the 6-month period just before the intervention period (months À 6 to 0) with trends in the latter half of the intervention period (months 7-14), the estimated improvement in the intervention group is approximately 80 percent greater; OR 5 1.79 (1.37, 2.35), as shown in Table 2 . However, as Figure 1 illustrates, both intervention and comparison groups appear to follow similar influenza vaccination trajectories across the entire study period and the potential intervention effect appears to be attributed to a slight slowing of the improvement in the comparison group, rather than a substantive increase in the improvement of the intervention group. This 6-month comparison for influenza vaccination was the only component of the five incentivized quality measures where any positive intervention effect was observed.
For the remaining four incentivized measures (HbA1c testing, nephropathy screening, eye examination, and LDL screening), both groups had absolute increases in the probability of meeting the quality measures in the follow-up period (see Figures 1 and 2 , and Table 2 ). When comparing the differences between the intervention and the comparison groups in the Notes. , significant increase in odds across study periods; , significant decrease in odds;
, no significant change: a 5 .05; OR, odds ratio.
n Results are displayed for the comparison between the last 6 months of baseline period and the last 6 months of the follow-up period.
w A decrease is an improvement in quality (i.e., positive intervention effect).
change from baseline to follow-up, there was either no significant difference between the intervention and comparison groups (nephropathy screening and eye exam), or the improvement was significantly lower for the intervention sites (HbA1c testing, po.0001; LDL screening, po.01).
The second research question asked, ''Does the intervention provide higher quality of care for nonincentivized quality indicators for diabetic patients than that received in comparison practices with standard call center-based DM?'' Using filled prescriptions as a marker for written prescriptions, two prescription measures were used to examine the question (see Figure 3) . There was no evidence of an intervention main effect between the patients of the intervention and comparison practices in either avoiding short-acting antihypertensive medication (OR 5 1.11 [0.58, 2.13]) or prescribing an ACE for those with renal insufficiency (OR 5 0.76 [0.54, 1.06]).
The third and final research question asked whether the intervention affected resource use as measured by (1) ED utilization and (2) total medical costs (see Figure 4) . For ED utilization, both groups' trends demonstrated a decreasing likelihood of a visit during each of the study periods. The change in odds from baseline to follow-up was not significantly different between the groups (OR 5 0.17 [0.02, 1.25]), although the comparison group's 105 percent increase (from OR 5 0.08 at baseline to 0.84 at follow-up) was statistically significant (OR 5 10.46 [4.62, 23.66] ).
The analysis of the average total medical cost trends per member per month indicated that there was no significant difference (p 5 .42) between intervention and comparison members with diabetes on the change in cost trend from baseline to follow-up. The expected cost trend for members in the intervention group demonstrated a slightly (15 percent) higher yearly increase from baseline to follow-up than found for the comparison group, although this difference was not statistically significant (RR 5 1.15 [0.82, 1.61] ).
DISCUSSION
This study evaluated the impact of a novel approach for improving the care of patients with diabetes consisting of a practice-base care coordination program augmented with P4P and complemented with a dedicated (to the practice) third-party disease management program. Our evaluation compared the quality of care and resource use between members with diabetes exposed to the intervention with nonexposed counterparts. We found that patients with diabetes in both the intervention and comparison practices experienced improvements in the quality of diabetes care across a range of indicators. This upward quality trend could be due to nonspecific secular effects on all these practices and/or an effect of the third-party disease management on diabetes care that was available in both groups (Agency for Healthcare Research and Quality 2005) .
In addition, we were unable to detect a consistent effect of the intervention on diabetes care or resource use. Similar to other studies on P4P, our results yielded weak and mixed effects on a set of quality indicators, with only one out of five incentivized measures demonstrating significant improvement. With MCO patients constituting less than 10 percent of the intervention practices' patient panels, this study lends further support to the conclusion that P4P bonus payments that are small relative to total physician income may not be salient enough to shape physician and office practice behavior (Dudley 2005) .
Lastly, the fact that there was no difference between the two study groups in the nonincentivized measures of quality of care, utilization, and cost measures supports the conclusion that there was no evidence of a positive halo effect of the P4P incentives observed in nonincentivized measures, nor negative unintended consequences associated with the intervention. In all these conclusions, we recognize that measuring quality indicators is not equivalent to measuring the improvement of health status of a population.
The major limitation of the study is the lack of data available about the comparison practices (N4900), preventing an examination of the representativeness of the comparison group as a valid counterfactual group for the intervention practices' patients. There was some evidence of baseline differences between the groups in terms of morbidity, age, length of health plan enrollment. We suspect that the higher morbidity burden in the intervention group might be due to heightened surveillance and coding before the intervention. We proceeded with the comparison, however, relying on the fact that the comparison group was composed of nonintervention MCO patients (N 5 19,356) in the three states and we made adjustments for age, gender, health risk, and state in the analyses to control for baseline differences.
One of the strengths of this analysis is the longitudinal evaluation of the intervention. A longitudinal statistical model with a comparison group protects inferences against historical, maturation, and regression to the mean threats to validity, which are inherent problems of observational studies with simple pre-post-measurement with no comparison group (Wilson and MacDowell 2003; Linden 2006) . For example, if we examined a prepost-point estimate analysis of LDL screening for diabetic patients in the intervention group only, we would have concluded a significant treatment effect. Longitudinal data analysis with a comparison group prevents this interpretation from going unchallenged.
The data available for the study were limited to administrative claims and membership files. Researchers have used claims data with apparent success (Parente et al. 2004; Wennberg et al. 2004; Solberg et al. 2006; Gilmore et al. 2007) . Others have cited the risk of claims and electronic records data underestimating quality measures (Baker et al. 2007; Pawlson, Scholle, and Powers 2007) and have suggested criteria such as aggregating to the practice level for the use of claims data (Fuhlbrigge et al. 2008) .
The optimal quality standards for older adults with chronic diseases, and particularly those with multiple conditions, are still under development. While claims-based measurements have limitations and do not address what was offered to patients and the extent of shared decision making in a clinical encounter, they do provide worthwhile information about these processes. We judged that in this study the data would be comparable for both intervention and comparison practices because the data came from the same MCO administrative claims data warehouse. In addition, our use of multiple repeated measures to some extent avoids the underestimations of single-point frequencies in pre-post-analyses that use claims data only.
We agree with those who argue that the context of an intervention or quality improvement initiative should be described and, where warranted, associated with the effects (Pawson and Tilley 1997; Christianson 2007) . Accounts of practice ''champions'' who were effective leaders in integrating both the P4P and the quality improvement initiative would improve our understanding of the probable mechanism of causality. In the course of conducting this study, we heard anecdotes that described such individuals in the intervention practices. Similarly, practice factors such as number of physicians and patient-physician ratio, support staff, EMR use, and within-state geographic variability that impedes or enables access to services are factors that would have contributed to our understanding of the findings (Beich et al. 2006) . However, the number of practices in the tri-state universe of those that treated MCO enrollees made these data impossible to obtain with the resources available.
Our interviews with the on-site coordinators and the call center nurses indicated that there was much variation from the original protocol for the onsite coordinators and for the working relationship between the practices and the call center (Marsteller et al. 2008) . There was considerable variation in structure among intervention practice sites regarding how the coordinators functioned within the practice and with the call center nurses. In our inter-views with the on-site coordinators, some reported a high level of job satisfaction while others said that the lack of clarity about their role posed adjustment challenges. The lack of a consistent functioning of the on-site coordinator across practices may have contributed to this lack of intervention effect.
In summary, our study did not lend support to the use of on-site care coordination augmented by P4P financial incentives and complemented with third-party disease management as a means to improve quality of care for older patients with diabetes. Further research involving interventions with clearer coordinator roles and/or larger financial incentives for physicians may demonstrate an improved intervention effect. The benefit of P4P payment systems may also differ for care measures related to other chronic conditions, although our preliminary findings for measures related to care for chronic obstructive pulmonary disease, coronary artery disease, and chronic heart failure were similar to those for diabetes. The positive lessons reinforced by this study related to design and analysis are (1) using comparison groups in the evaluation of quality improvement initiatives, especially those that involve efforts to improve the value (quality/cost) of health care services, is essential; and (2) using longitudinal data analyses with their helpful graphics rather than point estimate comparisons contributes to the valid interpretation of the data.
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